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tt «M $ h v - h #### ^^/:Ify^TA(3^t, 
S^Np, «IE^gc£Kc £ L/ci: 4> • Np • L Q • KcWO. 9 J^T 

[fS^S2] y^fAO r m s y >fX£Noise (System_rras) „ fr^^ft 
& If y h £BER (accept). Noise (System_rms) <7>3§£*i^£P 

r (Noise (System_rms) )tLtzt£, Q %itffl i GLWt£ Lt, 
P r (Noise (System_rms) -Q) ^BER (accept) 

Lt, |v- h^2$^#^^tt^>7fc<7)^i9ffiL»Eout^. 

E out = =exp | — (o • Np • L(j • Kq) I • K l 

A&fetei&Pin, ft/hjtt h*5-b^^>>W^i*NP i (min), #-fe^y 
> hOft**Q&2NP U HftH, *7 7 i^fe J: ^jfeSf K T 

t LT^ff Oft/h^fti P (Receiver_min) dBm ^> 

P (Receiver_min) d Bm = - 10Log|P in- Eout- (N P i(min)/2NP i) 

• n / A\ • K x 

U 

±IE*/h$^fe)t* P (Receiver_min) d B m& £ t^teS&OfclMgffi^ *> 
&ffi-^lEEE£ S (PRmin )v> T" A <7) r m s y y X&Noise (System_rms) , 
2 -lift is JtAftSOHffiSrV (Thresh) tL^tl, 

I S (PRmin )v- V (Thresh) f >Noise (System_rms) • Q 
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[0 0 0 1] 
[0 0 0 2] 

[t«o^#f] 

^!lx.(f#|^mi ^#1^12 tC^^ttTV^ «fc o P MM A (#U 

-mm & h A*f l ?t ^ Htrt m^- k z tfcSL $ *t & a* <b suramin $ * * 

[0 0 0 3] 

t>jfe*fell5$-fr& tare***)-?. ^R*tOf^fflO*T?3t*^$-**S*#fc 

flus-r -i) 7t * ks§ ffl -r a £ t x. <b tit v 0 

[0 0 0 4] 
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mm 2 0 0 3 - 0 1 8 5 9 7 ^-V \ 3/ 

[0 0 0 5] 

Mm** 1 1 

3 1 6 2 3 9 8 
[0 0 0 6] 
[#^*K 2 ] 

mnm 3 1 8 4 2 1 9 

[0 0 0 7] 
[#M3] 

1 0 - 1 2 3 3 5 0 -^<2r# 
[0 0 0 8] 

mmw-i 1-3103 s^m. 

[0 0 0 9] 
[0 0 10] 

i>-*smx$>z>o l^l^*, z<Dm<v^- hwmytm^&^x, mm<vymv)& 
rnxb-otzo ^zxi&mi, mw^m<vmjtfa*nz>±x\ yt^mnrnz^m 

xmm -r h tmm * m ^ti-x-wfr ^^^^^u-^a^Kx^ xmm 
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[0011] 
[0 0 12] 

iz£ h v - h t^^7fc# £ ffl v > ii'ff v ^ r A f ± , 

Jt£Np. MjE#^*Kc<t Lfctl, *-Np-Lc Kq 0. 9 J^T 

[0 0 13] 

AOrms (root mean square) 7 ^ X 3:Noise (System_rms) >. Sr^ir £ tf 
^ jr.^ - h £ B E R (accept) , Noise (System_rms) <£> jfe^Jj^ £ P r (No 
ise (System rms) ) Lfc£ Q ^itM/EWtt Lt, 
P r (Noise (System rms) -0) = B E R (accept) 

[0 0 14] 

fAW r m s J ^X&Noise (System_rms) , 2 ffiffc K i3 »t ^ftit^SHii & V (Th 
resh). ^^^ft#^/L^^LTffi^t-^<f^-mEE^S(PRmin )vtLfci 

I S (PRmin )v- V (Thresh) 1 >Noise (System_rms) • Q 

[0 0 15] 
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BtC&^TSnell 's UwKfe^rfcMZm*)M-fi><Dt U JillSOlJf$ 
iNs, i^^^II^IP^Nm, Al^£0m, Miff ft* d stLfzt 
fiT-^-a-^T L^v^i:Nm -sin 0m = N s • s i n 0 s "e&^&fbtf 

, s i n e s > i £m&ir&ftm<Dytmmfrt>mj&zti2>zttfmt 

[0 0 16] 

flBs, «ti:^a^II«f^Nm, AMft^^m, Wifxft* 6 s 
£ Lfcfc fiT-^-a-^L^v^^tcNm -sin 0 m = N s • s i n 6 s X$> 
£&<b{£\ sin0s<l ^M^.-r^f^(7)^l»K^'b«^$tL^>^ t^Ii 

[0 0 17] 

emimmiz^ mm^ummt^x^^x i> x ^ 0 * fzytmtM^^x^ 
mar® m izmnwtz^x m, a ^nxi>x^ 0 

[0 0 18] 

^ifcxJbZ> 0 

[0 0 1 9] 

S$tLTV^ 0 tfz^fih^m^XMl HXV2 Kii, Debye^JS (Turbidity 
) SI™ (Journal of Applied Physics Vol.20 pp. 518-525 (1949) ) £Sffi-f 

%LX£Z>c\ttfmZtiX^2> 0 Debyefi. Einstein^ "fv&$ /cfiM^Olf W, 
$<7)iWlf) r^ov^TOSf^" (Annalen Der Physik 33 pp. 1275-1298 (191 
0) ) 

<D*X\ m^miit^m-f2>mmZ3\mLX&t), ±fS!£:£*OEinsteinO;£ti 
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M 

[0 0 2 0] 

i/l0= (RT/N) • [ (e-1) 2 ( e +2) 2 / P ] • ( 2 tt / A ) 4 
[V/ (4 ;r D) 2 ] C 0 S 2 0 • • • • (i) 

i o : xttit<?>&m 

R : 

T : ffc*tsjg 

P : aE#JcjD*>Sffi^j 
a : v&ft 

v : 7fc«cSL#<o#m 

D : Ma#tSi»AJt?oEi 

0 : ikSL^j 

±feEinstein^^:t±Debye^J: *9«^£*U TiSre^S *lt>>& 0 
[0 0 2 1] 

i/I=< ? >2/£ 2 U 2 V/a4r2) . (i + c o s 2 e ) /2 • w 
• • • (2) 

i o : xm±<n&m 

R : flgffl * £ miVft -eoffi* 
a : $tK 

v : fttfc£L#<oiH«* 

0 : mm 

£ tz „ w = 4ff /si n (ksr)/ / ksr-r 2 y (r) d r • • • (3) 
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k : mk 

r : ii^I^^^^Ctv^ 2 Mo EMI 

s = 2 s i n (0/2) -Cfc&o 
[0 0 2 2] 

DebyefcifUf, *BH#3ft w fi*IWW#7 (r) £ 
7 (r)=exp(-r/a) (a: *BK!ffiSt) 

Sfctc (3) 

w = 8,a3/ (l+k2 s 2 a 2) 2 . . . . ( 4 ) 

[0 0 2 3] 

(2) , (4) 0, 

i/I=< 7 >2/ £ 2 (^2 V /a4r2) . (l + co S 2/)) /2 • 8 
,a3/(l+k2 s 2 a 2) 2 
iit, s = 2 s i n {6/2) *m^X (2) 5fcJ±, 
i/I = 4 ;r a 3< 7 >2/ e 2 U2 V /a4r2) . (i + C o S 2^) 
/ (1 + 8 tt 2 (i - c o s d) (a/A) 2) 2. . . . ( 5 ) 
t%&o (4) :£?>ifcgL£i3fijKo^i, JJHTT^$*t4o 
[0 0 2 4] 

f (0) = (l+cos2^)/(l+8.2 ( 1 - c o s 0) (a/A) 2 
) 2 

• • • • (6) 

(6) (a/ a) <7)mmztmLr, miMm^mm^^ 

[0 0 2 5] 
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&m±%&5M^o DebyeO^a^ti, 7 (r) = exp (-r/a) TSaiRL 
jz # v >|flr^@ tzttLXlt. Mi e^SLSI^ < ~ftil£fkCX^2>c\ bfffrfr2> 

o 

[0 0 2 6] 

fzjtzttj-ttmftipt Lx&mz^ztz&izm^znM^&t lx, e^o* 

f iHoygens - Fresne lUIW^it, Mi eifcaSin rt ? <t ^W^Xhh t^x.hfi^> 0 
Sfcfc, Miemmmte 1 fi^T* 0 , #&^tfc&K2*LT{i, MieifcSLSlsr 

[0 0 2 7] 
[0 0 2 8] 

t-r\ mmmm^K^xmrn-t^o wieWLn.mmizm.h-r, ttizsm&n 

v^T, ttlfffit i: 9 ttt^ < ffl tit 0 tH^fc&gOH^Mfeyr 

$=128-.5. (a p 6/3/l4) • | ( n 2- l ) / ( n 2 + 2 ) f 2 . . ( 
7) 

fcfc'L a p : 

n : ffi*t®#f3fs 
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[0 0 2 9] 
[0 0 3 0] 

[15:1] 

oo 

<t>= UV2tc) 2 (2n+l) • [| a „| 2 +| bj 2 ) (8) 
n=l 

</>n ( a) • 0'n ( 0) -N • tfn ( j3) • <f>'n ( o) 

a = 

Cn ( o) • </>'n ( j3) -N • 41 ( 0) • Cn { a) 

N • t]xi ( a) • 4>'n ( 0) — <fri ( 0) • 4>'n ( a) 

N • ( a) • 0'n ( 0) - 41 ( 0) - £*n ( a) 

0n (k r) = ( Tik r / 2) ■ Jn+1/2 (k r) 

Jn+1/2 (kr) :$liBessel^i 
k : ft& (2 ts/ A) 

: iincommm 

Sn (kr) =«(n (kr) +/• jp (kr) 

xn (k r) =- ( Kk r /2) • Nn+1/2 (kr) 

Nn+l/2(kr) : Ne uma nn»l2lBe s se lfflt 
Cn' : Cn^Pjfgc 

a= 2 Tta / X 
/3=N • a 

±ie (8) soa/A»iotR"cii, mmmm^ii, 

#=M^a p 2 (j|x^0f :M =2) • • • • (9) 
ti^o -MX (8)5$* 2 ff a p //l # 1 Of^tit ±|SM^KM< 

[0 0 3 1] 

i^T'HI3a> bisi^c K^ti-etU ffl*tJB*f^n36*l. 1, 1.5. 2.1T&& 
t^OMOiftOfllfi^to r^^ii lj, Mietfea«*»w*j»t*iS[aWflii 
»* ti. e?-#D p <DmX^ £ *)MW> - WMLXft < Z t W4c - OSfti 

■t*gM6r^WifeaBfiB»«- a p 2(;$f^t||^, 03 a-ctcJ: ^SE^K 
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£ xifrsb h z t jmt&"e$> %> o 

[0 0 3 2] 

±$<0 (7) , (9) ^cio'^te^SDp fctfeSL»r®«t*t<3M««r, v> 

||y^ l/->3 >-C^A^jg**|g 5 Ktf-To 
[0 0 3 3] 

, FWcfjA^fc-^rr^ 1 Omm^^t) 1 0 0 Omm^OM^i^Oi^ft 
A# $ «Wi:iftt4o i fzffiJ-'&D p . {±Rayreigh«ca^i*^«bFresnel 

[0 0 3 4] 

[0 0 3 5] 

< Lambert - BeerJUJ £ #S:SL»f®«> 

3 Fff3tm«:^«K»CAI+$*^:»'&0«a^TI±, Lambert -BeerHJH J: «9 
T=I/Io = exp (- • x) • • • • (10) 

zz-c x : gggt 

I o : Xttffikm 
I : m*btS»JR 

[0 0 3 6] 
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^-v: 11/ 



^ = * • Np • Kc ••• (11) 
[0 0 3 7] 

fit, »^tftt ^±t-ti:M t $ ti^ ^ - ^ li, ^flfo 
[0 0 3 8] 

Np=N PT /V -C**o £ <bK % EI 4 EI 5 £ (Ditm. • £j£ 

afe^tcm^ l &v»i/»< o^of-^^t, Kcii^^^o ^ft^^jov^rti, 

HI 4, H53fcUn::EI^L&^v*< o*(0f-^^Kc= 0. 0 0 47& ? t#^tL7*2 
o tfiDp fc*aWflil»*tt, (7) , (9) 5££ »)#JE«tf*t£>*L, SfcK, ft 

Eout=e xp |- ($ • Np • Lg • Kq) I • • ■ ■ (13) 

z<d (13) *k <t>-Np -lg = const. t-tnn 

[0 0 3 9] 

K##1-*Fresnel!i3c , L K L -C^f£\ 

_tIE (13) 

Eout=exp I- (4> • N p • L g * Kc) I • Kl ■ • • • (14) 
[0 0 4 0] 

L G , WIEIZMK c *3 ct UqS3c«afcK L K «t ^ W *) tB E out fcftJgT? § * 

[0 0 4 1 ] 
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<Fresnel?l^H^-> 

Fresnelti^i, *T-RI^^#x. plI«;^£Rp, s fl R s 

R p = t a n ( 0 i - 0 r) / t a n ( ( 0 i + 0 r) • • • ( 1 5 a ) 
Rs=-sin ( 0 i - 0 r) / s i n ( ( 0 i + 0 r) • • • (15b) 
iit, 0 i I Att& 

0 r : JSiff^ 

<h&& 0 i&K&l*ft<03liJ£Irl±, (15a), (15b) 
Ir= (R p 2 +R s 2 ) /2 • • • • (16) 
(16) 5£«fc Olffill t (±. 
I t = 1 - I r • • • • (17) 

A#t*03ftJS^*#lltLfcaajfeaiJft«r I t' -T&t (17) 5£l±, 
It' (0 i) = I t (0 i) • D (0 i) • • • • (18) 
D (0 0 : SfijR^BBSc 

[0 0 4 2] 

<Fresnelfi^<7)#m> 

^FresnelJl^fi, 
_ 6 max r 0 max 

J o 1 1 (0i) • D (0i) d di/ J D (0i) d 0i (1 9) 

[0 0 4 3] 
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[15:3] 

P 0 max 0 max 

J 0 It (0i) d 0i/ J Q d 0i (20) 

t&& 0 :o (2 0) 55££c?v»T\ ft^RgoS*^ WK#1-£Fresnelii 
[0 0 4 4] 

<Fresneltl^ *) tB L»<7)#tB > 

±8BOS6^fe, Alt« s 3 0° £lTO^, ft^»»OJBllr^fcJSH##0 
/ggt/r^Ai <r^W^ Fresnel*l^{±{i^|WI CtC^^>^ (h^^^o 

^ri^SiWTtotal t io-r^SKK^jSWSpS: n= 1 . 5^1"^>^ 

„ Ttotal= 0. 9 2 t tzho 
[0 0 4 5] 
l&K (14) 5£l±, 

Eout=exp |- (<D -Np • Lq • Kq) I - 0. 92 • • • (14b 

) 

t%ho c\<d (i4b) tZizx 9, m^tmiv & L®mt<Drmz$i#>tzm 

3k*m7 a~e Ktf-T 0 A^O^K^a^**^*, AM3t<?)XM 

AJ£#3 0° JSJUtKfc (19) ^ (2 0) ^JwJ: OFresneltl^* 

(14 b) AlcftA-t^Jf iv> 0 7t fi L , m*H^^ttBE#A*#i«LT, A 
#*ftOj£5&*9«3Ml"?3 0° flJK£i-&Oj&*3£ L^o 
[0 0 4 6] 

_tfS<7)E]7 a~ef±, ^ft#^?* K*3V>T, 2 -f Mtt&0^tm%®.^*<vyt 

wvihLmmzfetb. znKML&ffiij-mz&iifzm&m dommc, 100 

mmC, lOOOmmC) t aWf-afCffi^fcffitf-S, fl^SflRfc «t &»#r& v 5 
jxl^--> 3 > (S 10mm, S 10 0mm, S 1 0 0 0mm) Oig^S:^ 
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LTV^ 0 ¥*&Wfcfflv*OftJR») tBLWti, El 7 a, 7b, 7c, 7 cU 7e 
K£v>-C-€-*l-€**l8 0%, 7 0%, 6 0%, 5 0%, 4 0 %t?** e ffeaitff®» 
<*>fi, 0 nmO^tiRayreighSlmKJ: 0 > £fzf£^fl2 0 0 nmJil_t 

tcov^TiiMieaifelc J: 0 jfctbtzo SliyUl/-ys> Cfi^ft#tc 

'S) o 

[0 0 4 7] 

> ±fS« s 0. 9J^LT-e*oT*>. Mll(i5 0%*?ttc££i&£t£|WlB#K:^ 
Ltv^, &ioK L 0{ii(i. Si^WH^^IiO. 9 2 ifflv^: a v^o-P-v 

v>Sr#tt4^*J>Ut±#tl|iaffl^i:#x.<3*L* 0 f 9it^^<, ii^l 0% 
-?> o 

[0 0 4 8] 

h««fcMietfeaJRiKIS«^Jfe***»c (14) sSfcffiv^ 9 tfi Uiftsfsfc 

Eout=exp I- (* - Np • Lg ■ Kc) ! • K l 
ZmS-^tZZtltZX 0, MSIO5tJR0tilLS»5pEout ! S:*ai-&o 
[0 0 4 9] 
<ftlf#ll> 

(14) ^K^o^Tv- b4^i£^Ho^Tft*L^^*, iU~3££ 
tfB 8 a - c Ktf-? o ^1 (7)Wn^^yy^Ltzi><D7f)m8 aX$>t), 



mtiE# 2003-3082041 



#fl 2003-018597 



^-v: 15/ 



ft#|t*lcjoV^T, <D • Np • L g * Kc^fitfi^-f^fc 0'. 9J^TK&oT\/> 
[0 0 5 01 



Eout=0. 8 


( n m) 




(tS/mm 3 ) 


W x T x L g 
(mm) 


T3L-. 1 | ill | -±±, TtT 

(14)st (%) 


as y tti usft^ 

S I M (%) 


2 0 


1. 1 xlO -42 


1. 0x10' 3 


4 x 1 x 20 


84 


87 


2. 5x10' 2 


1 6 x 1 x 80 


88 


6.3x10" 


64x1 x320 


88 


2 0 0 


1.5x10-'* 


3.0x10' 


4x1 x20 


89 


89 


7.5x10° 


16x 1 x80 


89 


1.9x10* 


64x1 x 320 


89 


2 0 0 0 


12. 6x10-' * 


3.0 x10 s 


4x1 x20 


68 


75 


7.5x10* 


16x1 x80 


76 


1.9x10* 


64x1 x320 


76 


2 O O O O 


6.3x10-'° 


3.0x10= 


4x1 x20 


79 


86 


7.5x10* 


16x1x80 


86 


1. 9x10* 


64x1 x320 


86 


2 OO O 0 0 


6.3x10-° 


3.0x10' 


4x1x20 


79 


90 


7.5x10° 


16x1 x80 


90 


1.9x10° 


64x1 x320 


90 


Mt* (v-h) £) SIM: y^U-i/3> 
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m 2 1 







Eout= 


0. 7 










T-ii. j uj at 


W x T x L g 






( n rn) 


(m 2 ) 


(4@ /mm 3 ) 


(mm) 


(14) it (%) 


S I M (%) 






2. OxIO 1 3 


4 x I x 20 




82 




1. 1 x 10 -2 2 


5. OxIO 1 3 


16 x 1 x 80 


78 


83 






1. 3 x 10 1 2 


64 x 1 x 320 




83 






6. 0x10 7 


4 x 1 x 20 




85 


2 O O 


1. SxlO - " 1 4 


1. 5x10 7 


16 x 1 x80 


85 


85 






3. 8 x 10 6 


64 x 1 x 320 




84 






4 5 x10 5 


4 x 1 x 20 




65 


9 O O O 

Z_ W W w 


1? 6 x 10- 1 2 


1. 1 x 10 s 


16x1 x 80 


59 


65 






J 8 x 10* 


64 x 1 x WO 




58 








4 x 1 x 20 




7Q 


2 O 0 0 0 


6.3x10-^ 


1. 1 x10 3 


16x1 x80 


73 


79 






2. 8x102 


64x1 x320 




70 






4. 5x10i 


4x1 x20 




86 


2 O O O O O 


6.3x10-» 


1. 1 X10 1 


16x1 x 80 


73 


86 






2. 8x10° 


64 x 1 x 320 




78 




ig^i* (->- 


-h) ») 


SIM: y52 U— '> a > 




[S3] 






Eout= 


0. 6 












Wx T x Lc 






( n m) 


(m 3 ) 


(ffi/mm 3 ) 


(mm) 


(14) 5C (%) 


SIM (%) 






3. 2x10' 3 


4 x 1 x 20 




78 


2 O 


1. 1 x10-" 


8. OxIO 1 * 


16x1 x 80 


70 


79 






2.0X10 1 * 


64x1 x320 




79 






1. 2x10» 


4x1 x20 




78 


2 0 O 


1.5X10" 1 * 


3.0x10 7 


16x1 x80 


79 


78 






7.5x10° 


64x1 x320 




77 






9.0 x10 s 


4 x 1 x 20 




41 


2 0 O O 


12 6x10" 12 
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64x1 x320 
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L 9.0X10 1 


4 x 1 x 20 
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6.3x10~ 8 
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5.6x10° 
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EI 8 a~c (C) , (S) l&-Zrti-?iv*ttft<om%:, »*4->5al/ 
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^-v: 17/ 



'-yg^gS^Uv^o £ fc&Hfift^jRSTO^S (mm) -Cfc& 0 £fc 

®.^<Dftm i o&Lwmte. Gri&f-mz&wzsmt ttv^ 0 ^1-3*3 .tana 

tLtv^itAW, #tcfiT-@2 0 0 0 nm^&tt^lS^fi, ^WtlT/jiS; 
[0 0 5 1 ] 

<m*bfe3ftjK^ii*tt> 

ItffllffffiO^fcftltS^fcfcoJ: U ^"3A^T3 0° a/;„ 139 a 
, b, c lit U 1^ Difrt v- f tfi^Oi^Cov^ y <a U - y 3 > L 

[0 0 5 2] 

v ^ a. U - v 3 > e, , MO 3»«St K ftikSL £ £ C $ * £ &=? £ m A L X m 
*#*»itf *#^Ht±, i-f (14) ^K^o^r, ^tt^KiaffcaBr® 

•Clio *LT$?>i:, *SIS^f tttffi^iv ^ U-v 3 >i: J: 0 
i^:uuv» 0 fc^vMi, (14) ^^#j&o&^i&#K&oT&jffi 

31 co -9- > -f)V * *ffc L , ft M -T £ £ & oTtg T? * & 0 
[0 0 5 3] 

f LT*^"Cfflv>f,fLii/- htti*#tt, «TJ£LfcdiO <I> • Np • Lq • 
Kc^O. 9<7)m&Zffi%.iT2>mj&t LfcZtlZX *K yUI/-y3>h(Oi 

[0 0 5 4] 

miiE# 2003-3082041 
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^-v: 18/ 



fclWIC ^DrtgT'*>2>o h^gT^S- 
[0 0 5 5] 

< v - h t^jfrfc £ ffl v > tz Mm v * r A <7) & > 
fci^CWAlfPMMA (#'J>fW^i"Jl/-h) ^Oft^flERrtfcftfctfc 

mKi*tim.<0%:7 t 4 '*2U 22&£lf23&mWcZn, «W:itt7 7^A31, 
32£ «t ^33^^ $ ti& o Zfih <Di£7 r 4 >m ~23£ X ZF31 -33 tit t± J§1£ 
*N. A. (Hinge) ofcoj^MfflSfu 25WFlRjOjH3£nrflBfc'?-& 0 
[0 0 5 6] 

3t7 7<i'*X'$:%:-r2>®&<OgiflrK'D^xmm-r2>o Jtt "High-Uniformity 
Star Coupler Using Diffused Light Transmission" IEICE TRANS. ELECTRON, 
Vol.E84C,No.3 MARCH 2001 p339 (&T\ 2M$W\fciSU fcv>3) KitUf, JM 

[0 0 5 7] 

<^5feSO*/h$^^436 ? 20. 5dBm(0dBm=l m W) m±iftSS> 

d*Ui, 5 0 0Mb p s com^-^^^liELtzm^-coB it-Error-Rate (BER) 
£ !9#{ii£*iT£i9> * fc£ft#(iP I N7t hV4ir- h~X$>2>tz#>, %3t%s- 
tm%:2>m& mz-tfy* h^f^5>f-V, T/^>v^7* f^t-K^ 

(Rece iver)min t 7EH"f %> o 
[0 0 5 8] 
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^-v: 19/ 



-fy-qc £ v> T #^£K t*7r>f^ BPS Oltib «• / 4 WTii^ o * e 
[0 0 5 9] 

4 4rS^t LTW-±-t4t, IS^^f^ $*SS**$3fci-*jfe»P (Receive 
r) f±, 

P (Receiver) = E out- (1/N) -jt/4 • • • (2 1) 

J:*K Pin (2 1) 5$li 

P(Receiver) = Pin-Eout- (1/N) -n/A • • • (2 2) 

<hft£o (2 2) ^O^t^ t o t$M<7)$)tiM^ d B m tit t 

P (Receiver) d Bm = -10Log|P in- Eout- ( 1 /N) • ^■/ / 4 ( • • (23) 
gfttfA (y-Vm <?)M#£. AltM^lmW, 1 OmWOl^- 

tcov>T[li l i:^f 0 z<omi lfrbfrfr&XoK, 

[0 0 6 0] 

& (y-KSO -e^tj^ttTtA. m*r«ujc^»ta l^fc^-t^ > h tuM-r-h 

i>cotirZ> 0 

[0 0 6 1 ] 

miEtf 2003-3082041 



•j #SI 2 0 0 3 - 0 1 8 5 9 7 ^- v : 20/ 

egi£ i #B<7)-fc^ > Mc^tt^lI^Iitti-^ 
[14] 

NPi= ^^ x ' y)dxdy/ ^g^ V)dxdy . . . (24) 

Cli-e, Segmaxfi^r-b ^ > ^ti^tt^S^^ > h ^"To £fc 
, ^m^ft/h t & Z> Ws&cd -b if * y Hi & ^ x (i , 
[15] 

NPi (min)= J D(x, y) d x d y/ J D(x, y) d x dy • • .(2 5) 
Segmin Segmax 

tft&o (2 3) ^K33wrmit^£*Pout{±. 

Pout= P in • Eout • • • • (2 6) 

^^LiO i #g(7)-b^^ > HciStt&^frfiPSegifi, 53*1= -b > 

[15:6] 

n 

PSegi=Pouf {NPi/2NPi} • • -(27) 

i=l 

t^^o ^^mmmxa^ ±ib (16) ^^^-ttt^ 

[17] 

n 

ZNP i 
i=l 

^«IWt:2NP i tm-fZtt1-Z>o 
[0 0 6 2] 

±IS (2 3) (2 7) ^ttibX^ «5IIW7 7 7 h O 

1/NH&;LT, 

P (Receiver) <j Bm = _10L og|P in- Eout - (N P i/2NP i ) • tt / 4 I 
-t*Ui (2 5) ^x.<b*l£o 1"^^*>, P (Receiver.min) dBm ^ 
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#H 2003-018597 ^- v : 21/ 

s 

P (Receiver_min) d Bm = _10L °gl p in- Eout- ( N p i(min)/2NP i) 

• k/A\ • • • • (2 8) 
tfc&o - - -C P in I Attorn. E out : «>flfc <9 fcB L8&2^ NPi(min):*/h 
jtitftSt^/'hOjfcl, 2NP i : -fc^ > hOjt*jftlt?**o 
[0 0 6 3] 

t £ , *^>BER^ if J£1" & 7t * K * M^ytm £ P Rmin d B m ^ 

~t%>b PRmindBm — P (Receiver_min) d B m 

^^OrtflBtB^Kp I 

PRmind Bm^ P (Receiver_min) dBm ■ Kg • Kp • Kr • Kp i ■ • • 

(2 9) 

-C&fK CI <7) (2 9) ^ ? y-ftlM^ffl^/;iiyXfAM^(:^ 

[0 0 6 4] 

<BER (Bit-Error-Rate) > 

BERIi, 9 > £ 7*y * ;Hf * * £ C T 3H§ L 

TV^^$r^-rJi«-e*0, ^MLTttfy h&£Bits, tf y h J-^ B ite 
BER = Biter/Bits .... (30) 
[0 0 6 5] 

5?^**o W£!&<DmKZ ^fUWiTLT^ (0, 1) jf^E 
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#il 2 0 0 3 - 0 1 8 5 9 7 ^- v : 22/ 

[0 0 6 6] 

■7*^ * ^Hg-Sf- * ^{f -T £ Rite (i , ^f£Hf (Sfeifc ^n^) fcftBE U 
(vy?) 7} ? A§ < t tfy fi7-«tl) t^JLhti 

X tf V Y J- 5 - T^f^l" & t »J $ *L& o 

[0 0 6 7] 

<7fci^2li:B E R (Bit -Error-Rate) t«H^> 

y- Ftti»ffl^f:Ii->^fAl3(t^, 4, 8, 1 6 <7>&y - K&fc 
Ml-ZmZmZ^rih^tim 1 3 aiScfc^b (4/-K) , HI 1 4 a £ <fc ^ b (8 
K) . Ell 5 aisi^b (16/-K) U^fo ^ti^^Iiy^f ACis 

-e- a <b ytxmm iz&^xt wmm iz&^xi> sv^:^i t r^is $ at 

[0 0 6 8] 

t fz&miz&ifz> rinj t routj (Dmmtzttm, ytxm^m. mitfte 



tBtiE#2 003-3082041 



mm 2 0 0 3 - 0 1 8 5 9 7 ^- V : 23/ 

o$ «9^4>^5:«^ib-^-|p]tC2^:B0^7T-f El 1 8 £#!Hc^ 

EI 1 4 a (i±ffi4 , ^S^^- 3. 5 mmOfitfllH^^***43t 7 7 4/^ of 

***&*7r>f/^t>3fc«:ffilt$*fe»^ HI 4 bt±±IBtrai:fi:«^7r 
-|V^;)fc£A#t£-^ ±.1^5^3:8^+3. 5mm(7)tii:W^'57fc7 7 

OMfl^/TLtv^o £ 1 5 a liJilE^fig^- 7. 5mmc0fig 
£ cfj^^ ? ab 4*7 7^^, oi») IJ^^ig^ <b - 7j ft 1:8*1 ?>7fc 7 7^^: 
3fc*A*t$-S\ I^D^g^^L^^^^^T^^^^^^mit^-^Tt^^ HI 
5 bfi±f££|im£g0^7 7<A*K}fc£A#t£-tf\ ±ffi4'4if£g^<b + 7 . 5 
m m^fit C 4>>L^ S I) ^ )fe 7 7 ^ ^'o i b +JjftlZ 8&B<D%:7 

7 4 / it * tb m z -t tz m^&mm ^uv^ c 

[0 0 6 9] 

-TtL^OEU: 19, AM f 1 G b p s ftMMiz. «t .2, U^frmkitM 

[0 0 7 0] 

< S/N£ B E Rb<DM&> 

*Lfc±gj£5W5r]££;ftT^-rfc, ifbfiMc^ (y>fXjsfc5-) fr±£lftH£, 
m+<Z>m^r£ LTEgiJ-C§5S:< &-2>o S 4 XmfrKM 

[0 0 7 1] 
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S J Xf&frKlims J X (Jonson Noise) > li^y^X (Shot Noise) . §£lt 

&y -YXicjjpx.r, Stlti^y^x\ i§jgy ^fXt^jfsy >f x^^SE-r * 0 £ 

[0 0 7 2] 

S JXjRfrO/iy- (WJJ) Noise(Total)(i. 
Noise(Total)=Noise (10 +Noise (fii 1 ) • • (3 1) 

Noise (it) =(4 kT/R) • A i> ••••(31a) 
fcrtfLk : P 1 a n 

r : ^yt^nmmx 

a y : fS^)fS 

Noise (m^-) =3e 2 -(P + PB)-7-A^/(hy) 
+ 2eid*Av .... (31b) 
tz tz L e : tf<7)tf 
P : fS^-^S 
p b : ffMi 

h : P 1 a n k <mM 

i d : Ba S»iL 

a u : £ft#oflr# 

iit, 0. 5 G b p s <Dm^^\^h±X\ m^®T**ft|v» 0 . 25GHzm 
^iff^lIt^iiJtx.^o ojt), 7* h r-T FO^fiO. 25 

— K : S5973 Co^t, P = 8 . 9X1Q-6W (20. 5dBm) , 7 
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= 0. 4, R=5 0n, T=3 OOKtLty^X^^ftff^t, ttli: 

Noise (l^rms) =2. 8 8X10-? (a) 
Noise (S^-rms) = 8 . 1 9 X 1 0 ~ 8 (A) 

Noise ( h - 9 ^rms) =3. 70X10-7 (a) •••(32) 

Sc= P • e • 7 • / (h • v ) .... (33) 
ft/h^Tfc^M -Commits (min)c(i, 
S (min)c = 2 . 4 6 X 1 0 ~ 6 (A) 
ffc^COW^OM-^^WJt (S/N) li, S/N (Pmin) =6. 6 5 

[0 0 7 3] 

£ t, y X<7)^^^H#^@e^-e*^^a6, Gauss i an-CifrtR f * ^> * 
>^C^(t^yXf Ay^X^rms 7-fX<06. 6 5^K&&*#^ 
1" ^^*>if-^«rL^^^=*l#S»iLl/^^ (S/N=l) ^^i^y^fX(7) 
f&#*£P r (S/N= 1 ) f±, 

Pr (S/N=l) =3. 47X10-11 
<h^»9,BER=10-ll Kmr-^y^hta *K mlZHmi^-^mi OBERO 
H£l|5ptwi£vHfiKfc&o f'y^ Mff 2 0 MH z 

S/N (Pmin) = 6 . 8 1 

P r (S/N = 1) = 1 . 31X10-11 

"C^^i-CO*S!**jELv>t#x.W*««-e**o 1 6 rms (root 

mean square) 7 >f X<£>;*;§; £ t %CD5&&M^ t <£>M#£^1"o 
[0 0 7 4] 

*o i-f> v- h*c**#*fflv>fea« ->*f-AtC&tt<Mt^lft& r ms 7 -Y X 
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(WEEIt) £ifl05£U Noise (System_rms) T5e&-r&o y^fAK^ 
$ tL^> BER^BER (accept) t L, § OSSfrfg-^'*? - £ PRmin£1-*t 

{i\ {f-^-SEES (PRmin )v(i, R^Mia^Lt, 

S (PRmin )v=PRmin • e • v / (h • v) XR ••••(34) 

(0, 1) flreoPMIl^ ;w£V (Thresh) £ U RMtW^fc^ 
HtLfcS/N (Thresh) 
S/N (Thresh) 

= IS (PRmin ) v- V (Thresh) ( /Noise (System_rms) • • • (3 5) 

t5eH1-*o (35) sa***«K3^fcfc#BEa*fc&«sf^c*£u 

S/Naccept£1-& _hf£<0#^^£> N -?-<7) § ONoise (System_rms) <D§& 
tktikf&tfBERizmL^tlgx.btiZo HI 7C, _bfEO#gf^ftJr L£B E 

[0 0 7 5] 

$ V (Thresh) tco<^T#x. -6 t , ffi^^'b 7 -Y Xj£5fr*M L3|v>fcffij&* 

ifL*Tifc*#^t, "o" i^/u^y -rx^^jnx.7tii^-tL^±m^, 

J£r£-K. BE«n:^:^^ ift i:;©V (Thresh) (i> sp^flMf-mJEo^ 
[0 0 7 6] 

t^^BER (accept) tf^x.fcit, £ fcy^fA© r m s 7 >f XSrNoise (Sys 
tem_rms) i: L/c^f^IC> Noise (System_rms) <Dfk£M$&P r (Noise (System_r 
ms) )^\ «-^&^0^«r#Jiti-&£*5?^v^«^i3^-C. Q£Jfc0U5e£c£: L 

P r (Noise (System_rms) • Q) ^ B E R (accept) • • • (3 6) 

SrW JE/t&A^ £<7>Noise (System_rms) "C^b *9 ^ If 2fif<t^&tt 
^tt^OgffliV (Thresh) fc-S-x.fcfc'&fc, 

IS (PRmin )v-V (Thresh) ( >Noise (System_rms) -Q • • • (3 7) 
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^L-cm^-r^jt^-mEEs (pRmin )vt &&int vXx A^^-e§ & 0 

[0 0 7 7] 

&&v^i±|fi (3 7) 5£f±. lufficoSfi^'b 

S (PRmin )v/2 >Noise (Systera_rms) • Q • • • • (3 8) 

[0 0 7 8] 

ZhK, BERZZsXTAftU^MfcT^&XotcmmnJ&ZWtz^tX, BE 
R (accept) J; 9 ^^Ottl^J^W - PRmin^p^ LT, (3 7) 5£*3 

(3 8) ^^M^^i^atUv^ BERvIJ^[lI^^f> 
- KV^y ?-f2>Ti??)Um&imii. ^T-'v^^HIS&ii. B E R (a 

ccept) ^ p> h tifz 7- - -f)\y ytmytm * mm -r & i> <n t -r z> z t kx d 

, vXxAg^-^H^i-^Noise (System_rms) £X9\-C09[$£/ -f & 2tJ3"5Tfg 
[0 0 7 9] 

[0 0 8 0] 

4^*frioo— aiistc— mt lx Mfv>%-7 tJ'wu 22. 23^<t zmtfm&z 

ti&ttbtz^ 4^(7)^-7 t4^3U 32, 33£ J; ^34^^-$ tLT ^ 

[0 0 8 1 ] 

££-C*IS*fc4>0fiUl£v*-Cli, K^SfiatTy hi^-W- hBER(accep 
t)»±, — JftH^9-7'J - fc$iiSR*0 1X10-1 1 -C&<£>o — _tf£v 
- h ^#^#100^ 19 m L^Eout= 0. 9t-fh 0 Hui&O (l 

4) 19, fi^-iS&fc 7 /^mtnt, tt^aplSNpttO. 9 3 X 1 0 4 (>j@ 
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&< Z. tiZX «K (1 4) 5$#*?»J£$*l&£fcfc&*o 
[0 0 8 2] 

^IC, i^y^fAOif^tJt (S/N) £;K£>&o tufe (2 8) 5£K2£ 
cf < v ^ .x V - v g > (C X *U2\ Z<7)t£ $7fcfy40^#& */J^^M P (Recei 
ver_min) dBm {± 10- 5 (dBm) tta%>o fztzL, P in= 1 . OmW, Eo 
ut=0. 9, NPi(min)/2NPi= 0. 15tLfz 0 
[0 0 8 3] 

fLt, ft/h^r^iP (Receiver_min) d B m<^ fc*#S:<Z>y - Y^m%^ ( 

2 8) (2 9) &Zti& ^Oif^o fcj3££-C, ^W^^fH 
^U f H^fil*f^«b, (2 9) ^O^St^^T^^fcOje^H^ : K E . 

[0 0 8 4] 

(iltO. 15-0. 2 d B/mt^^o 7- fr^gftoK 

UltmmVtzm^. v- h^S^lOOMSST^fe-^T l 0 mfljg?)? t -f 

(29) ^c^v^r. ;^m*k f ! tz<Dme>%a&m!kZtomr2>t 

, 5r3feSH^95**/h3fe*PRmin= 1 5. 5 (dBm) £ & &o Watts^Tfi 
PRmin=0. 0 2 8 (mW) Tr£&o 
[0 0 8 5] 

=toTff-^SvjiLSc(±. f^ 5 0 0MHztU (iOffiftStrli, yUP 
-Va>jBf*^c>, «*Mti#irrM^{i&v>) . mri£?> (33) 5*U »9 Sc 
= 8. 0 1X10-6 (A) t%Z>o m&<D (31a), ( 

3 1b) 19 Noise (System_rms) = 5. 2 8 X 1 0 _ ? (a) Tab&o iSfciC 
iO»^0«^Jt#it (S/N) (±15. 2t%2> 0 

[0 0 8 6] 

ii-PV (Thresh) = S(PRmin )v/2Hfc±"f, _hfeOjg*S: (3 7) sfcK: 
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'ftA-f'ixh, 15. 2/2 = 1. 6 <h Noise (System_rms) -7. 6 <D 

<7)*Jr£-c7)Noise (System_rms) • Q<7)Mi$li 4 X10 _1 5t^^ o 
ff^Ztih^v h^?-U- h B E R (accept) = 1 X 1 0~ 1 lX&Z><DX\ iff 
IE (3 6) ^(Dm^m^LX^ho 

[mil 

[EI 2] 

MiecomsLsi^^ct zmiftm&ittmzTFirr? y 

[EI 3 a] 

Mie^Sf&KiS^T, t^SLWm^iglfti-^a^^^/Siff^^l. ICO i: ^ Co 
[03 b] 

^XTF-tv? y 

[13 c] 

Miecoaf^c^v^r, mft>mmmtmmtz>m z f'ZmimfTm&2. wtz 1:0 

[EI4] 
[HI 5] 

osT-s t omm. t <d * . it jf$t -> ^ ^ v - v 3 > -c* 

[EI 6] 

Tfc^* JC <^m^ ®#T^ C ^1" ^Fresnelii^ ^77 
[EI 7 a] 
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[0 7 b] 

**^JKr*S:Jt«LT^-r^9 7 OfcJR 0 tti 7 0 

[07 c] 

*^IS^£Jt3£LT7jrr^7 (M*)tflL^6 0 %2&^) 
[0 7 d] 

*i6^^*Jfc$^LT^i-^7 7 0fcJR»)fctiUW5 0%fflv>) 
[07 e] 

e t@ t mi «9 aj t <vmm * , ^utos t tt-#« yup-y 3 >t 

**7tjg*«:Jt«L-C^i-^9 7 OfcUfcOmLS&^U 0%fflv>) 
[08 a] 

->3>^^i:mfU/W77 (f^MOffi'Lif : 8 0%) 
[08 b] 

v - h tfe^flt \z £ tt * t im 0 tti L£» o M# * , ft# i: v 5 a 1/ 
-va vfco^fc^jfctfcL-c^r*-^? D tti : 7 0%) 

[08 c] 

- v 3 > TJtlS! 7 (¥^J^ 19 ffi LS»sp : 6 0 %) 

[09 a] 

[0 9 b] 

[09 c] 
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[mi o] 

[Hll] 
[01 2] 

[m 1 3 a ] 
[IHl 3 b] 

v - h ^c^3tff £ ffl ^ tz j - Km 4 <Dmm y * -f a & it * m^ytmm <r> su 

[114a] 
im 1 4 b] 

v - h JtfUfcfrfc* ffi v> y - Km 8 ^iilf x A K £ # £ m^mmmmW 
[Hll 5 a] 

[HI 1 5 b] 

[mi 6] 

rms (root mean square) J 4 X<D±£ £ t %:<Df££M^b 
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[SI 7] 

BER (Bit-Error-Rate) t^ititrnt^m^^ y 7 
[HI 8] 

ffl^-HlOli K «t & 943 v * -r A £ ^i"^B El 

10 

21, 22, 23, 24, 31, 32, 33, 34 JtV T 4 
40 S^ctf 
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[mi] 
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mm 



1/ 



Debye»ffi«afcf=cfc<51&a.ft«tiHfcat£ 
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2/ 



I® 2] 



A =550nm:n=1.33 
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